Macromolecular bipill of gemcitabine and methotrexate facilitates tumor-specific dual drug therapy with higher benefit-to-risk ratio.
The present study reports the synthesis, characterization, and biological evaluation of a novel macromolecular bipill, synthesized by appending two different anticancer agents, viz., gemcitabine (GEM) and methotrexate (MTX), to the distal ends of a long-circulating poly(ethylene glycol) (PEG) spacer. Covalent conjugation of GEM and MTX via PEG linker not only transformed the solubility profiles of constituent drug molecules, but significantly improved their stability in the presence of plasma. In vitro cytotoxicity studies confirmed that GEM-PEG-MTX exerts higher cytotoxicity (IC50 0.181 μM at 24 h) in human breast adenocarcinoma MCF-7 cell lines, when compared to free drug congeners, i.e., free GEM (IC50 0.294 μM at 24 h) and free MTX (IC50 0.591 μM at 24 h). Tumor growth inhibition studies in chemically induced breast cancer bearing rats established the superiority of GEM-PEG-MTX conjugate over all other pharmaceutical preparations including free drugs, physical mixture of GEM and MTX, and PEGylated GEM/MTX. Toxicity studies in tumor bearing rats as well as healthy mice corroborated that dual drug conjugation is an effective means to synergize the therapeutic indices of potential drug candidates while alleviating drug-associated side effects.